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Attard G, Clark J, Ambroisine L, Fisher G, Kovacs G, Flohr P, Berney D, Foster CS, Fletcher A, Gerald WL, Moller H, Reuter V, De Bono JS, Scardino P, Cuzick J, Cooper CS; Transatlantic Prostate Group. Oncogene 2008; 27:253-63.
This paper evaluated the ERG-TMPRSS2 fusion with two probes. Patients with duplication of the fusion have poor survival (hazard ratio 6.1). Figure 2 has useful information about the heterogeneity of ERG-TMPRSS2 signals. But this is inter-tumor, not intra-tumor. Some sequencing of fusion transcript was done to confirm that they are fusions with the intervening DNA missing after transcription. This paper defines a classification scheme and nomenclature for the different observed probe patterns. Unfortunately, our numbering/order of the probes is not the same as e.g. Attard's. 
Important Remark about notation, from Kerstin: Our order
for the three digits is first digit: yellow (close-together red and green) probe (indicative
of a normal allele)-second digit: green telomeric ERG probe - third digit: red centromeric
ERG probe, while Attard's order is first digit yellow (close together red and green) probe(
indicative of a normal allele), second digit red centromeric ERG probe, third digit :green
telomeric ERG probe. That means that our 110 pattern is the unusual and rare pattern of a
loss of the centromeric ERG probe while the telomeric ERG probe is retained (which we do not
know how to interpret), while Attard's 110 depicts the common TMPRSS2-ERG fusion patterns
involving the deletion of the telomeric ERG probe while the centromeric ERG probe is
retained. So Attard's 110 would be equivalent to our 101 pattern.

Barwick BG,  Abramovitz M,  Kodani M, Moreno CS, Nam R, Tang W,  Bouzyk M, Seth A,
 Leyland-Jones B. Prostate cancer genes associated with TMPRSS2–ERG gene fusion
and prognostic of biochemical recurrence in multiple cohorts. Br J Cancer 2010; 102:570-576.
This study used microarrays to investigate what genes are upregulated and downregulated (by microarrays) in fusion-positive tumors. The findings relevant to our study are that 1) fusion-positive tumors are significantly-associated with biochemical recurrence and 2) ERG is significantly upregulated in fusion-positive tumors as compared to fusion-negative tumors.  The most relevant point is in Methods, not Results. This study explicitly defined “fusion-positive”
Tumor as one that has a fusion in which the breaks are in exon 1 of TMPRSS2 and exon 4 of ERG (abbreviated as T1/E4 both in this paper and in Clark et al. 2007). 

Bastus NC, Boyd LK, Mao X, Stankiewicz E, Kudahetti SC,  Oliver RTD, Berney DM, Lu Y-J. Androgen-induced TMPRSS2:ERG fusion in nonmalignant prostate epithelial cells. Cancer Research 2010; 70:9544-9548.
Because prostate cancer occurs after lifelong androgen exposure, the authors hypothesized that
the fusion occurs prostate cancer due to indirect consequences of stimulation of the androgen receptor (AR). To test this hypothesis, the authors stimulated both non-cancerous and cancerous
prostate cells with dihydrotestosterone that binds to AR. In both types of cells, they observed fusions, though the non-cancerous cells required longer DHT exposure for the fusions to occur. Fusions were not detected in control cells, not exposed to DHT. They used FISH to show that the DHT exposure increases the spatial proximity of ERG and TMPRSS2, thus providing an explanation for how fusions may be more likely to arise. As in (Barwick et al. 2010) and following (Clark et al. 2007), fusions were defined as T1/E4 fusions as detected by sequence analysis. 

Chaux A, Peskoe SB, Gonzalez-Roibon N, Schultz L, Albadine R, Hicks J, De Marzo AM, Platz EA, Netto GJ. Loss of PTEN expression is associated with increased risk of recurrence after prostatectomy for clinically localized prostate cancer. Mod Pathol 2012; 25:1543-1549.
This is one of the papers cited in the Discussion to justify that loss of PTEN is associated with tumor progression. 

Chowdhury SA, Shackney SE, Heselmeyer-Haddad K, Ried T, Schäffer AA, Schwartz R: Phylogenetic analysis of multiprobe fluorescence in situ hybridization data from
tumor cell populations. Bioinformatics 2013; 29:i189--i198.
Our paper on FISHtrees and analysis by node depth in the trees.

Clark J, Merson S, Jhavar S, Flohr P, Edwards S, Foster CS,  Eeles R, Martin FL, Phillips DH, Crundwell M, Christmas T, Thompson A, Fisher C, Kovacs G, Cooper CS. Diversity of  TMPRSS2-ERG fusion transcripts in the human prostate. Oncogene 2007; 26:2667-2673.
This study tried to characterize the diversity of fusion transcripts by an RT-PCR strategy to
Sequence cDNA. Using a primer pair with one part in TMPRSS2 and the other part in ERG, the authors found 14 cDNAs that might be translated. These are characterized at the level of exons in Figure 2. The main one are classified as four protein sets with different domains or other properties in Figure 4. I did not find where the actual fusion sequences are deposited. They showed that the same sample can have multiple fusion transcripts.

FitzGerald LM, Agalliu I, Johnson K, Miller MA, Kwon EM, Hurtado-Coll A, Fazli L, Rajput AB, Gleave ME, Cox ME, Ostrander EA, Stanford JL, Huntsman DG. Association of TMPRSS2-ERG gene fusion with clinical characteristics and outcomes: results from a population-based study of prostate cancer. BMC Cancer 2008; 8:230. 
This study analyzed the clinical characteristics of 214 patients among whom 76 are positive for the fusion and 138 negative. There is no association with survival, but the authors note on page 6 that “there was some evidence that samples with multiple copies of the fusion conferred worse survival than those with no fusion or single copies of the gene fusion. Figure 1 shows a nice schematic of how the TMPRSS2:ERG fusion can arise either by deletion or by intra-chromosomal translocation.

Furusato B, Tan S-H, Young D, Dobi A, Sun C, Mohamed AA, Thangapazham R, Chen Y, McMaster G, Sreenath T, Petrovics G, McLeod DG, Srivastava S, Sesterhenn IA. ERG oncoprotein expression in prostate cancer: clonal progression of ERG-positive tumor cells and potential for ERG-based stratification. Prostate Cancer and Prostatic Diseases 2010: 13:228-237.
This paper describes the development against human ERG. The peptide used is GQTSKMSPRVPQQDWLSQPP ARVTI,
which matches exactly position 49-73 of NP_001230361. The authors used this antibody to immunoblot prostate cancers from 132 patients and many normal tissues. They claim that a positive stain has a good correlation with the presence of an ERG/TMPRSS fusion. However, it is unclear to me why this should be since the peptide is from ERG alone, not from a fusion protein. Another puzzling finding is that they probed many multi-focal tumors and found that in 35/81 tumors with multiple foci, at least one sample was ERG-positive and at least one sample was ERG-negative (p. 233, right side). 

Gopalan A, Leversha MA, Satagopan JM, Zhou Q, Al-Ahmadie HA, Fine SW, Eastham JA, Scardino PT, Scher HI, Tickoo SK, Reuter VE, Gerald WL. TMPRSS2-ERG gene fusion is not associated with outcome in patients treated by prostatectomy. Cancer Res 2009; 69:1400-1406. 
This paper uses three probes instead of two probes, with two probes at either end of TMPRSS2. They show that copy number increases of ERG are associated with metastasis and progression.


Heselmeyer-Haddad K, Berroa Garcia LY, Bradley A, Ortiz-Melendez C, Lee W-J, Christensen R, Prindiville SA, Calzone KA, Soballe PW, Hu Y, Chowdhury SA, Schwartz R, Schäffer AA, Ried T. Single-cell genetic analysis of ductal carcinoma in situ and invasive breast cancer reveals enormous tumor heterogeneity yet conserved genomic imbalances and gain of MYC during progression. Am J Pathol 2012; 181:1807--1822.
Our paper on breast cancer FISH.

Hu Y, Dobi A, Sreenath T, Cook C, Tadase AY, Ravindranath L, Cullen J, Furusato B, Chen Y,Thangapazham RL, Mohamed A, Sun C, Sesterhenn IA, McLeod DG, Petrovics G, Srivastava S. Delineation ofTMPRSS2-ERG splice variants in prostate cancer. Clinical Cancer Research 2008; 14:4719-4725.
This is another study trying to characterize the TMPRSS2/ERG fusion transcripts. They studied 122 patients of whom 66-69 had evidence of a fusion by one test and 76/122 had evidence of a fusion by an RT-PCR test. According to their exon numbering most fusions go from exon 1 of TMPRSS2 to exon 8 of ERG. They suggest that it may be clinically useful to distinguish transcripts that go to the end of ERG (Type I, they call these) from transcripts that are truncated before the ETS domain, usually after exon 12 (type II fusion transcripts). They give some weak statistical evidence that a higher ratio of  Type I/Type II transcripts is associated with worse clinical characteristics of the tumor.

Jhavar S, Reid A, Clark J, Kote-Jarai Z, Christmas T, Thompson A, Woodhouse C, Ogden C, Fisher C, Corbishley C, De-Bono J, Eeles R, Brewer D, Cooper C. Detection of TMPRSS2-ERG translocations in human prostate cancer by expression profiling using GeneChip Human Exon 1.0 ST arrays. Journal of Molecular Diagnostics 2008; 10:50-57.
This is a feasibility study to test how an exon-level expression array compares with RT-PCR in measuring over-expression of ERG, when there is a TMPRSS2/ERG fusion. The first interesting finding is that the over-expression of ERG typically starts at exon 4, consistent with the claim of Clark et al. that the most common fusion transcripts join exon 1 of TMPRSS2 to exon 4 of ERG.
The second interesting finding is that the overexpression declines by exon 8. The third interesting finding is that the over-rexpression is roughly 1.5 times (slightly more than 0.5 on a log base 2 scale), which corresponds to 3-fold expression. The fourth interesting finding is a list in Table 2 of other genes whose over-expression correlates with ERG fusions.

Krohn A, Diedler T, Burkhardt L, Mayer P-S, De Silva C, Meyer-Kornblum M, Kötschau D, Tennstedt P, Huang J, Gerhäuser C, Mader M, Kurtz S, Sirma H, Saad F, Steuber T, Graefen M, Plass C, Sauter G, Simon R, Minner S, Schlomm T. Genomic deletion of PTEN is associated with tumor progression and early PSA recurrence in ERG fusion-positive and fusion-negative prostate cancer. Am J Path 2012; 181:401-412.
This is one of the papers cited in the Discussion to justify that loss of PTEN is associated with tumor progression. 

Liu W, Ewing CM, Chang B-L, Li T, Sun J, Turner AR, Dimitrov L, Zhu Y, Sun J, Kim JW, Zheng SL, Isaacs WB, Xu J. Multiple genomic alterations on 21q22 predict various TMPRSS2/ERG fusion transcripts in human prostate cancers. Genes Chromosomes Cancer 2007; 46:972-980.
This study used SNP chip genotyping and RT-PCR to try to characterize fusion transcripts in a collection of prostate cancers. In these SNP chips it is possible to estimate copy number for each SNP, so they could find approximate locations (between the last SNP of copy number 2 and first SNP of copy number 1) for the breakpoints of putative deletions. There were 16 samples that appeared to have fusion transcripts. The SNP chip copy number analysis is shown graphically in Figure 1, but one has to read this carefully because the first two patients, G6-002T and G7-029T, have two plots each for the purpose of showing that analyzing two parts (corresponding to different cutter enzymes) of the SNP chip data separately leads to consistent results; therefore, the other 14 patients have one plot each, in which the entire SNP chip is analyzed together.
For most samples, the SNP data are consistent with a scenario in which the fusion arose via deletion of the DNA between the breakpoints. However, this scenario does not fit sample G8-004T, panel q in Figure 1 because in that case most of the region between the two genes has normal copy number 2. The authors suggest that the region in between got translocated to some other chromosome. The authors point out that the effect of a hemizygous or homozygous deletion of the genes between TMPRSS2 and ERG, especially HMGN1, on prostate cancer has not been considered, but the diversity of fusion transcripts, suggest that the deleted genes are unimportant. The authors summarize some sequence analysis suggesting that the breakpoints of the deletions are often in certain types of Alu repeats.

Lu Q, Nunez E, Lin C, Christensen K, Downs T, Carson DA, Wang-Rodriguez J, Liu Y-T.
A sensitive array-based assay for identifying multiple TMPRSS2:ERG fusion gene variants. Nucleic Acids Research 2008; 36:e130.
This study describes a set of sequencing technologies that can detect various TMPRSS2/ERG fusion transcripts, even when the abundance is low, due to intra-tumor heterogeneity. The first key point is that using a primer pair where one primer is in exon 1 of TMPRSS2 and the other primer is in exon 6 of ERG suffices to detect most possible fusion transcripts, although note that
this strategy would not amplify the full transcript, which is necessary to determine whether the ETS domain of ERG is intact. The authors use a printed array of 30-mer probes that distinguish  various exons that are present in some fusion transcripts and absent in other transcripts.

Mani R-S, Iyer MK, Cao Q, Brenner JC, Wang L, Ghosh A, Cao X, Lonigro RJ, Tomlins SA,  Varambally A, Chinnaiyan AM. TMPRSS2–ERG-mediated feed-forward regulation of
wild-type ERG in human prostate cancers. Cancer Research 2011; 71:5387-5392.
Various lines of evidence, including chipSeq and selective siRNAs show that the protein translated from the fusion TMPRSS2-ERG gene binds to the wild-type ERG to have the effect of increasing transcription of wild-type ERG. All experiments in this study are in vitro and with cell lines, so there is no estimate of the amount of increased transcription in vivo.

Mosquera J-M, Perner S, Genega EM, Sanda M, Hofer MD, Mertz KD, Paris PL, Simko J, Bismar TA, Ayala G, Shah RB, Loda M, Rubin MA. Characterization of TMPRSS2-ERG fusion high-grade prostatic intraepithelial neoplasia and potential clinical implications. Clin Cancer Res 2008; 14:3380-3385.
This study suggests that the fusion is an early event because it is present in pre-cancerous lesions.

Paris PL, Weinberg V, Albo G, Roy R, Burke C, Simko J, Carroll P, Collins C. A group of genome-based biomarkers that add to a Kattan nomogram for predicting progression in men with high-risk prostate cancer. Clin Cancer Res 2010; 16:195-202.
This paper describes the two methods for making the copy number calls in aCGH data.

Park K, Tomlins SA, Mudaliar KM, Chiu YL, Esgueva R, Mehra R, Suleman K, Varambally S, Brenner JC, MacDonald T, Srivastava A, Tewari AK, Sathyanarayana U, Nagy D, Pestano G, Kunju LP, Demichelis F, Chinnaiyan AM, Rubin MA. Antibody-based detection of ERG rearrangement-positive prostate cancer. Neoplasia 2010a; 12:590–598.
This study shows that a particular rabbit antibody for ERG is very sensitive and specific for detecting fusion gene expression. Deletion mapping showed that the antibody recognizes some peptide in the C-terminus of ERG, with the interval 393-479, which is beyond the ETS domain.
I did not understand why the antibody stains much less for wild-type ERG, but the authors show evidence that it does.

Park SY, Gönen M, Kim HJ, Michor F, Polyak K. (2010) Cellular and genetic diversity in the progression of in situ human breast carcinomas to an invasive phenotype. J Clin Invest 2010b; 120; 636-644.
This study suggests the usage of the Shannon index and Simpson index as measures of intratumor heterogeneity.

Perner S, Demichelis F, Beroukhim R, Schmidt FH, Mosquera J-M, Setlur S, Tchinda J, Tomlins SA, Hofer MD, Pienta KG, Kuefer R, Vessella R, Sun X-W, Meyerson M, Lee C, Sellers WR, Chinnaiyan AM, Rubin MA. TMPRSS2:ERG fusion-associated deletions provide insight
into the heterogeneity of prostate cancer. Cancer Res 2006;66:8337-8341.
The paper describing the TMPRSS2:ERG fusion probe used in this study.

Pettersson A, Graff RE, Bauer SR, Pitt MJ, Lis RT, Stack EC, Martin NE, Kunz L, Penney KL, Ligon AH, Suppan C, Flavin R, Sesso HD, Rider JR, Sweeney C, Stampfer MJ, Fiorentino M, Kantoff PW, Sanda MG, Giovannucci EL, Ding EL, Loda M, Mucci LA. The TMPRSS2:ERG rearrangement, ERG expression, and prostate cancer outcomes: a cohort study and meta-analysis. Cancer Epidemiol Biomarkers Prev 2012;1497-1509.
This is a large study (1,180 men) to evaluate the association of ERG overexpression with various measures of prognosis. ERG overexpression is associated with higher tumor stage at diagnosis and lower PSA at diagnosis, but not with outcome. They also did a meta-analysis of associations between fusion status and various clinical outcomes, but found little.

Siegel R, Naishadham D, Jemal A. Cancer Statistics, 2013. CA Cancer J Clin 2013; 63:11-30.
Shows that in 2013 there will be an estimated 238,590 new cases of prostate cancer and 29,720 deaths.

Toubaji A, Albadine R, Meeker AK, Isaacs WB, Lotan T, Haffner MC, Chaux A, Epstein JI, Han M, Walsh PC, Partin AW, De Marzo AM, Platz EA, Netto GJ. Increased gene copy number of ERG on chromosome 21 but not TMPRSS2-ERG fusion predicts outcome in prostatic adenocarcinomas. Mod Pathol 2011; 24:1511-1520.
This paper has some nice pictures explaining some of the different possible states of the fusion probe. In this study, presence of a fusion probe is not associated with progression, but gain of ERG without fusion is associated. A second probe set is used to show that gain of ERG is associated with gain of chromosome 21. See also Gopalan et al. (2009).

Tu JJ, Rohan S, Kao J, Kitabayashi N, Mathew S, Chen Y-T. Gene fusions between TMPRSS2 and ETS family genes in prostate cancer: frequency and transcript variant analysis by RT-PCR and FISH on paraffin-embedded tissues. Modern Pathology 2007; 20:921-928.
This paper and the Clark paper are by far the clearest in explaining what is going on at the sequence level. First, this paper makes a key point that in most of the fusion transcripts, the part of TMPRSS2 in the transcript is from the 5’ UTR, so the resulting translation is ERG  or a piece of ERG, not a fusion protein. Second, some of the fusion genes are missing a piece of the 5’ end of ERG, but the functional relevance of ERG being truncated at the 5’ end is unclear; other papers talk about the functional relevance of ERG truncated at the 3’ end in such a way that the ETS domain is missing. The transcripts are nicely summarized and compared across studies in Table 2, which also makes the point that some of the rarer transcripts are not in frame. This paper explains better than other that the key functional effect of the fusion is to have the TMPRSS2 promoter drive increased transcription of ERG. This explains why in a clinical sense the fusion may be functionally to an ERG copy number increase, which could also be achieved by copy gains of chr21. Figure 2 nicely illustrates how to distinguish whether the fusion is created by deletion (81%) or by translocation (19%) using a FISH probe at the 5’ end of ERG. The FISH probe is lost in a deletion and retained in a translocation.

Wang J, Cai Y, Ren C, Ittmann M.  Expression of variant TMPRSS2/ERG fusion messenger RNAs is associated with aggressive prostate cancer. Cancer Res 2006; 66:8347–8351.
This study classifies eight of the possible types of fusion transcripts that cover some but far from
all of the possible transcripts observed. Here the classification is based on where the fusion occurs in TMPRSS2 and in ERG. Perhaps, the most important distinction clinically is that transcripts that use a breakpoint in exon 1 of TMPRSS2 have a protein that is translated only from ERG, while transcripts that use a breakpoint in exon 2 of TMPRSS2 have the regular translation start site (ATG) in TMPRSS2 and lead to the translation of fusion proteins. The occurrence of one of the these types of fusions is associated with more aggressive disease. They showed in some general sense that there is a negative correlation between expression of other fusion transcripts and the biological activity of those transcripts. They suggest that this negative correlation explains why other studies, which did not distinguish by the type of fusion transcript, got different correlations between presence of fusion transcripts and clinical variables.  

Wang J, Cai Y, Shao L-J, Siddiqui J, Palanisamy N, Li R, Ren C, Ayala G, Ittmann M. Activation of NF-kB by TMPRSS2/ERG fusion isoforms through Toll-Like Receptor-4. Cancer Research 2011; 71:1325-1333.
This is a very interesting paper; followed up on reference 3 which has a different classification of the fusion transcripts and  on reference 19 which seems to describe an antibody that can distinguish fusion-gene-derived ERG from regular ERG. This study proposes the hypothesis that the mechanism of action of fusion-derived ERG is that ERG activates some innate immune gene, such as TLR4, and the activated TLR4 in turn phosphorylates the p65 isoform of the fundamental transcription factor NFkappaB at Ser536. Since TLR4 is the most important recognition protein for LPS of Gram negative bacteria (B. Beutler won the Nobel Prize for this discovery), it may be that infection of the prostate by Gram negative bacteria is also relevant to the proposed activation pathway, and there is a prior study (reference 37) showing that sequence variation in TLR4  is associated with susceptibility to prostate cancer. The direct evidence in this study includes first that expression of a fusion-derived ERG gene increases NFkappaB transcriptional activity (Figure 1). Consistent with other studies, this effect requires a “full-length” ERG in which the C-terminal ETS domain is intact. A novel aspect is that the presence of an extra “exon 11” in the fusion-derived ERG transcript substantially increases NFkappaB activity. The second piece of evidence is that expression of fusion-derived ERG in cell lines substantially increases NFKappaB phosphorylation at Ser536 (Figure 2). The third piece of evidence is that by a Kaplan-Meier analysis, the phosphorylation of NFKappaB at Ser536 is associated with decreased time to prostate cancer recurrence in a large sample. Inhibition of TLR4 by siRNA knockdown diminishes prostate cancer cell line proliferation (Figure 4). Furthermore, the inhibition of TLR4 is associated with a decrease in NFKappaB phosphorylation (Figure 6), justifying why the authors suggest that activation of TLR4 is an intermediate step in the pathway, though other innate immune genes, such as TLR3, are also considered.

Wangsa D, Heselmeyer-Haddad K, Ried P, Eriksson E, Schäffer AA,  Morrison L,  Luo J, Auer G, Munck-Wikland E, Ried T, Lundqvist EÅA. FISH markers for detection of cervical lymph node metastases. Am J Path 2009; 175:2637--2645.
Our paper on cervical cancer, needed to explain the modeling with imbalance clones.

Yoshimoto M, Joshua AM, Cunha IW, Coudry RA, Fonseca FP, Ludkovski O, Zielenska M, Soares FA, Squire JA. Absence of TMPRSS2:ERG fusions and PTEN losses in prostate cancer is associated with a favorable outcome. Mod Pathol 2008; 21:1451-1460.
This is a study of 125 tumors for occurrence of the fusion and occurrence of PTEN losses both separately and together. In univariate analysis, occurrence of the fusion is associated with biochemical recurrence. The combination of PTEN deletion and fusion showed a slightly elevated hazard ratio (1.87, 95% CI = [1.04-3.36], p= 0.036) as compared to having neither event by Cox proportional hazards analysis.

Yoshimoto M, Ding K, Sweet JM, Ludkovski O, Trottier G, Song KS, Joshua AM, Fleshner NE, Squire JA, Evans AJ. PTEN losses exhibit heterogeneity in multifocal prostatic adenocarcinoma and are associated with higher Gleason grade. Modern Pathol 2013; 26:435-447.
This study did a tissue microarray and FISH analysis of 724 cores from 142 prostate tumors to analyze fusion status and PTEN status. By looking at multiple cores from the same patient, they evaluated intra-tumore heterogeneity. They showed that there is heterogeneity in PTEN deletion status and in fusion presence/absence status. However, they stated that among the tumors with a fusion, only one had two heterogeneous mechanisms of fusion creation, according to the classification of Attard2008. There is an association between presence of a fusion and presence of a PTEN deletion. However, PTEN deletion is associated with higher Gleason score, while presence of a fusion is not associated with higher Gleason score.

Zammarchi F, Boutsalis G, Cartegni L. 5’ UTR control of native ERG and of Tmprss2:ERG
variants activity in prostate cancer. PLoS One 2013; 8:e49721.
This paper describes a large number of interesting experiments to characterize the expression of different fusion gene products. Figure 1 is a very useful standardization of the exon/intron structure of ERG to help understand which fusion gene products called differently in different
papers are in fact, the same. They point out that the fusion product that merges exon 1 of TMPRSS2 with exon 4 of ERG has neither the normal ATG of TMPRSS2 nor the normal ATG of ERG. They do various mutagenesis experiments to characterize which ATG in exon 4 of ERG becomes the start of translation. They show that morpholinos can disrupt translation of the fusion gene product without affecting translation of wild-type ERG. In contrast to the above, the fusion products that start in exon 2 of TMPRSS2 (instead of exon 1) do have the normal ATG of TMPRSS2, are real fusion proteins, and have been associated with worse clinical outcome (see Wang et al. 2006). 

1

